Abstract: : The 4th Industrial Revolution is a new wave of digital innovation. Driverless cars, smart robotics, internet of things (IoT), and other technological changes are happening in our daily life. The notion of smart cities is closely related to the new industrial revolution. We might think of the emergence of smart cities as the realization of the 4th industrial revolution in the spatial context. Many cities around the world are preparing to be smart cities via urban regeneration. In recognizing these changes, this paper tries to understand what the new industrial revolution brings to us, how the new digital revolution acts in our cities, and how urban regeneration can utilize the advent of the new wave of the groundbreaking innovation. This study illustrates why smart technologies are necessary in the urban regeneration process, and what the opportunities and threats in the decentralized and self-generating framework in the new era. We observe that the top-down decision-making procedure might be inefficient. Equally, the fully decentralized and fragmented system will increase the level of risk in the urban regeneration projects. The key element of success is the capacity of the central and local government to build the communication infrastructure and to facilitate the interplay among the participation in the projects.
I. Introduction
The next-generation cities are smart and sustainable cities. In the advent of new digital age, called the 4th industrial revolution, the core technologies include big data and cloud computing, internet of things (IoT), societal computing, and tools that enhance incentives help the project well targeted to the elderly. The fragile population may also need digital transportation network and autonomous transportation vehicles. The combination of the traffic calming solution from the physical planning perspective and the smart equipment could be a recipe for efficient and effective urban regeneration to the aged residents.
What is the meaning of urban regeneration to the current urban planning practices in the 4th industrial revolution? What are the opportunities and threats of the advent of smart cities to urban regeneration? How will the new digital revolution shape smart cities and help urban regeneration carried out efficiently? This perspective study raises questions and provides answers to the relationships among the new industrial revolutions, the emergence of smart cities, and urban regeneration. The remainder of the paper is as follows:
The second chapter explores what the 4th Industrial revolution have a meaning to our cities. The third chapter investigates the linkage of the 4th Industrial Revolution to urban regeneration. Lastly, the final chapter concludes the paper with suggestions on how we should develop our urban environment to make it smart.
Ⅱ. The 4th Industrial Revolution and Cities

Making Our Cities "Smart"
Nowadays, the 4th industrial revolution is a ubiquitous phenomenon around the globe. Our way of life is already deeply linked to this digital revolution, and it seems that we cannot get out of it. While it is in our daily life, the use of smart phones in many occasions is one form of the revolution, like breathing in the air. As we already step into the era of the 4th industrial revolution, there has been a continuous debate on how we should prepare for the change -not only in a variety of industrial sectors, but also in every corner of our normal life all over the world. The most important element of the revolution has been the use and development of IT technology, which makes the world wired and connected within a second beyond the boundaries.
What makes a city "smart"? There were many previous forms in tandem with the current one: 'virtual city', 'wired city', 'informational city', 'telecity', 'intelligent city', 'urban cybernetics', 'digital city' and others (Thompson, 2016) . Making cities smarter is usually achieved via Information and Communication Technology (ICT)-intensive solutions (Cavalcante et al., 2016) .
The concept of smart city is the realization of the new wave of industrial revolution down to the spatial scale and scope. Researchers, experts, and policy practitioners seem to agree that increasing mobility via efficient transportation system is one of the most important elements in the modern urban planning discipline.
Moreover, the importance of transportation is more pronounced in the era of 4th industrial revolution. Especially, the concept of good The 4th Industrial Revolution, Smart Cities, and Sustainable Urban Regeneration ▪ 65 transportation now focuses on "people", relative to "space". As the history of development of the industrial revolutions, rapid technological innovation should result in enormous changes in our urban fabric. Among those technologies, autonomous vehicles and connected cars will be the most important elements that lead to the changes. These technologies can be easily linked to the technologies of renewable energy, IT, IoT, and so forth. The digital infrastructure will produce quality big data, and we can build and innovate artificial intelligence technologies with the data. Then, we have a positive feedback loop that yields big data with better quality and more useful information in understanding the behavior of movements and activities in our cities. We can benefit from this self-generating and upgrading mechanism in the digital infrastructure (<Figure 1>).
<Figure 1> Self-generating and upgrading mechanism
Source: Authors
The recent innovation in automated transportation in Korea is the investment by the Naver Corporation (KRX: 035420) to Innobiz Solutions (http://theinnobiz.com/), which is an Israeli manufacturer of LiDAR sensors (Hankyung, 2017) . LiDAR sensors are considered the 'eyes' of autonomous cars. In June, the company acquired the Xerox Research Center Europe, a global research institute focusing on artificial intelligence (AI), and is expanding overseas investment (ZDNet, 2017) . Naver plans to push forward the development of autonomous navigation technology through this investment. LiDAR is a sensor that accurately measures the position of and distance to an object. The three-dimensional (3D) data obtained through the eyes analyzes the radius of tens of meters from the car on a real time basis. It is considered a critical sensor in autonomous driving, which captures the distance from the car to the approaching objects.
Smart city technology will definitely play an important role in improving our quality of life in cities. The basic (and utterly critical) role of a city is to raise social values by coordinating the relationships between a variety of actors, players, and stakeholders in reshaping urban networks. Here, the authors of this study emphasize that the value of equity should be accomplished by providing the equal amount of public services to all the people throughout the city. When the mechanism depicted in Figure 1 works properly, we might be able to provide urban services efficiently and effectively to the people who are engaged in any activities in the city. The smart infrastructure can make our economy smarter, and our activities more accessible. We use smart ICT technology to enhance competitiveness of cities, to deliver ever-growing information faster, and to lead to the technological development with higher productivity. The development of our cities as being smart via the 4th industrial revolution should bring about innovations covering physical environment, sustainable natural resources, cultural and creative activities, and economic performance. The efficient and effective formulation and transformation of our cities will ultimately yield smart governance, which promotes citizens' participation in the decision-making process, related to the operation and management of every corner of the city. Figure 2 illustrates the interplay among stakeholders involved in shaping the smart city.
<Figure 2> Stakeholders in the smart city
Source: IEC (2014) The 4th industrial revolution is also expected to lead to significant changes in the residential environment. Skouby and Lynggaard (2014) forecast that 5G connectivity will arrive in around 2020, and innovations in connectivity will change many perspectives in our residential spaces. Smart homes will enjoy better internet services and always-connected mobile services. This increased connectivity features ubiquitous and integrated communications and machine-to-machine (M2M) processing for smart living. The innovation in homes already happens in Singapore, which utilizes the Home Energy Management System (HEMS). The system is a collaboration between EMA, HDB, EDB, and Panasonic. According to the paper by Bhati et al. (2017) , ten households in Punggol were selected to have HEMS installed in their homes. This system allowed the homes to better manage and control their energy both consumptions and costs. It would be a start for government agencies and private companies to derive solutions using smart technologies to achieve energy efficiency in the residential areas.
Flexible buildings would be one of the most advanced technological innovations in the era of smart homes and smart cities. The construction of a building involves a large amount of initial cost with a significant of time. Moreover, working environment for constructing buildings is not safe in general. In the advent of the new era, we expect a new form of home: the whole structure can be easily assembled and detached in just several days. It can also be equipped with some parts that change their forms without complete interior renovation (Wang, 2016) . These prefabricated homes can easily transform their shapes and be customized to the residents' needs. We can also relate this innovation to home building via 3D printing technology, smart grid, and zero-energy technology. problems. It is also clear that they ask the city mayor to show how we maximize the benefit from the revolution and what policy framework should be formed in order to minimize the negative effects that resulted from the digital innovation.
Building Smart Cities and Heading to the New Civilization
In the white paper titled "Orchestrating infrastructure for sustainable Smart Cities", International Electrotechnical Commission (IEC) considers the key pillars for smart cities as the following:
economic sustainability, social sustainability, and environmental sustainability (IEC, 2014) . Cities should increase the capacity to develop citizen's economic potential, and to attract business and capital. We experienced the global financial crisis, triggered by the housing market collapse in the United States. We learned that the economic sustainability of cities plays an important role in making our daily life work normally. The crisis has revealed the fact that the traditional financial framework has considerable weakness. More efficient and integrated digital infrastructures should be able to repair the previous financial models. Moreover, the new infrastructure can make economic activities linked together while the transaction costs shrink to the minimal level through coordinated planning strategies in the infrastructure investment. Not only the physical improvement but also the social inclusiveness enables our cities to move to the new level of civilization. In the new civilization via the smart technologies in the smart cities, we raise the quality of life by encouraging a city's attractiveness for people, business, and capital.
The world is suffering from the environmental vulnerability to natural hazards, and many cities adopt the strategies to increase the carrying capacity of resilience to natural and man-made hazards.
Thinking the resilience concept as being a part of community
The 4th Industrial Revolution, Smart Cities, and Sustainable Urban Regeneration ▪ 71 planning is the starting point to be better prepared for the potential environmental damage. The hazardousness of places consists of spatial and social context (Cutter, 1996; Cutter et al., 2003) . Norris et al. (2008) The concept of urban regeneration emerged as a policy alternative to these problems. In the 1980s, urban regeneration projects focused on the physical and economic revitalization of dilapidated city center.
However, since the 1990s across the Europe, the new approach to urban regeneration appeared. It emphasized the environmental and economic perspectives, and more integrated approaches to urban redevelopment. It related the stimulation of economic activities and environmental improvements to wider social and cultural elements (Colantonio and Dixon, 2011) . Moreover, in the 1990s when environmental problems were recognized at a global scale, the necessity of urban regeneration was emphasized in accordance with the need for comprehensive prescriptions for solving urban problems.
England has conceptualized urban regeneration as an alternative to urban renewal in improving social, education, welfare and cultural services and in securing competitiveness through urban economic recovery. In other words, urban regeneration is a concept that emphasizes the comprehensive treatment to reviving the city's physical, environmental, industrial, economic, social, and cultural sectors.
England is the country that pioneered the concept of urban
regeneration. The philosophy of urban regeneration in England is
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"…a comprehensive and integrated vision and action which leads to the resolution of urban problems and which seeks to bring about a lasting improvement in the economic, physical, social and environmental conditions of an area that has been subject to change."
In his terminology, urban places are centers of political power with complex and dynamic systems. Cities are in the middle of physical, social, environmental and economic transition. They change by external forces or by internal pressures. In this regard, urban regeneration can be considered as the outcome of the interaction between many activities and opportunities.
The Linkage between the 4th Industrial Revolution and Urban Regeneration
On 25 completely new development of green cities is ideal, it would be simply very expensive, and most people will never live in that kind of development. Instead, regenerating our places with "smart" technologies might be a second best solution. However, we already know that making existing cities smart is not an easy task. Citizen services Using ICT to make existing processes involving interaction between the municipality and citizens better, cheaper, or both.
Regional/economic development ICT-oriented economic development or regeneration. Aimed at attracting digital industries or residents that make real estate decisions based on the availability of broadband.
Community
Using ICT and crowd-sourcing to increase community cohesion, or influence and improve the political system. Typically started by civil sector organizations or social enterprises.
Law enforcement Using ICT to improve law enforcement and/or crime prevention through surveillance or improved communications for operatives.
Resource management
The use of ICT to improve the functioning of citywide systems to use energy and other resources more efficiently.
Behavioral change Using ICT to facilitate behavioral change by providing information or tools that make the desired behavior easier or more attractive.
Health
The use of ICT to promote or deliver healthcare, and control illness or disease.
Source: OVUM (2011)
The smart technologies can regenerate our cities as green, decentralized but connected places with sustainable residential and commercial environment. The term "garden cities" is still abstract, derived from the Victorian era. The central government's planning for garden cities mainly focuses on homes, with jobs being specifically identified as an element to "make places great to live in" (The Guardian, 2014) . The garden city must be operated with strong local jobs. We should manage to renovate the transportation with capital costs being minimized in urban regeneration. Electronic communication will make workers be able to work in a flexible environment, which means homes are also workplaces. To make these innovations down to earth, we should devise tools for comprehensive and adaptive master plan with a reasonable evaluation procedure.
The system should not be locked in the fragmentation of each element. It should be balanced between integration and flexibility. In order to make urban regeneration successful, stakeholders must work together to ensure the quality of life and well-being.
The positive results are shown in • to develop, validate and guarantee the replicability of a sustainable urban regeneration model.
• to accelerate the development of innovative technologies, organizational and economic solutions.
• to significantly increase resource and energy efficiency, improve the sustainability of urban transport and drastically reduce greenhouse gas emissions in urban areas.
Currently, the project has been tested in three "lighthouse" cities • Incentives: Free parking for Electric Vehicles | Taxes reduction for Electric Vehicles | Special lanes for Electric Vehicles. ■ Integrated infrastructure actions • City information platform: City Information Platform to collect and store all the data from the monitored devices.
• Shared infrastructure: Access to smart metering infrastructure.
• Road systems: Smart phone apps.
• Peer-to-peer transport information: Car Sharing municipality fleet (Sustainable mobility priority area).
Source: REMOURBAN (www.remourban.eu)
Embracing such diversity above will need a high level of organizational participation and active governance among
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Localization of the project is one of the most critical elements in the smart urban regeneration. Tailored solutions to localities overarching a wide range of actors are the key to the success in the smart urban reformulation from the physical, social, and economics perspectives.
The REMOURBAN platform is a channel for local correspondents to stick together and to dialogue towards active engagement with experts, citizens, and policy practitioners.
Opportunities and Threats: How to Process Urban Regeneration in a Better Way
1) Urban Regeneration in Korea
The "Urban Regeneration New Deal" policy is a spatial development project that encourages the revitalization of declining areas through public support. To promote urban regeneration, it is necessary to establish "Urban Regeneration Strategic Plan" and "Urban Regeneration Activation Plan". Urban Regeneration Strategic Plan is to investigate and discover various plans, projects, programs, types and intangible regional assets. The Activation Plan is an action plan for urban regeneration projects in accordance with the Urban Regeneration Strategic Plan.
There are two types according to the main purpose and nature of the urban regeneration: "urban economic base type" and "neighborhood regeneration type". Urban economic base type is to provide new functions and to create jobs through the maintenance Neighborhood regeneration type is a relatively small residential and commercial development. This type is set up to improve the living environment of the residential units, to expand the basic living infrastructure, and to revitalize the community's economic performance.
In order to seek self-sustained growth, improved competitiveness, community recovery, and cooperative governance, the Korean government has introduced the "gateway review" system, which • The review process at the activation planning stage examines the content of the urban regeneration activation plan. The components monitored are the appropriateness of core strategies and the feasibility of the project.
Only after passing the two procedures, the plan for activation can There are some problems in the urban regeneration process in Korea. Excessive administrative duties cause the gateway review process to be too complicated. In addition to the second stage screening process, the annual review at the project implementation stage may be considered as an excessive central intervention at the local government level, which makes the process to be an old, top-down planning system. Moreover, the strategic plan, which is set up at the upper metropolitan level, does not accurately reflect the status quo of localities. Therefore, if local government needs to modify the activation plan, the upper strategic plan must be modified accordingly, which makes the urban regeneration procedure inefficient.
At the local level, the project is managed by the support center, which also produces inefficiency. Urban regeneration might need professional developers, who can establish and manage a business model that meets with local needs. The business model must take into account the cost effectiveness, considering the local conditions in Finally and most importantly, the current urban regeneration projects in Korea lack sophisticated and comprehensive "smart" infrastructure provision plans. As the ultimate goal of the urban regeneration project is to raise the quality of life via physical, social,
and economic upgrading, we should evaluate the current condition of deteriorating old infrastructure and facilities, and make them "smart".
We should adopt a new wave of information technologies into our urban regeneration plans.
2) Balancing Integration and Decentralization in Smart Urban Regeneration
In the previous section, we criticized the top-down approach, The value here is to promote the digital democracy. The dynamic cooperation will result in more inclusive and effective products.
Which is more efficient in making smart urban regeneration?
Singapore's new town development projects covering Golden Shoe financial district, Orchard Road, and Marina Bay had involved the top-down process. The recent example of the top-down approach in Singapore when it comes to smart infrastructure is to equip the underwater management system with a large number of smart sensors.
The counterpart is the plan for Amsterdam's urban EcoMap. We know both worked correctly. In this study, we posit that when a large number of actors with conflicting interests fail to connect and integrate, the whole system could collapse. Without the integrated decision-making, cities can create significant inefficiencies and risks. In a sense, the urban regeneration arena is a battlefield for many small entities to gather there in order to extract their portions. As Perrow (1963) put it, it is the power structure that dictates the operative goals of the organization. Multiple leadership arises when the interests of the participants diverge, and each entity has the power to protect its own interests. We believe that a specific urban regeneration project will drift away from the appropriate and reasonable goal when the level of fragmentation among participants exceeds its maximum tolerance.
In accordance with this observation, we might need some level of federalism or centralization in the decision-making process. Either the governmental or non-governmental entity (for example, quasi-governmental developer or private business firm) can take the task. In Korea, each local government should establish a "community governance planning" in the activation planning stage. We believe this effort is necessary for participants in the regeneration projects not to go astray from the common goal and the common community value.
Ⅳ. Conclusion: Towards Next-Generation Cities
This study takes a perspective approach relating to the 4th industrial revolution to smart spatial development and the recent urban regeneration phenomenon. The new digital revolution enables us to build smart cities via the highly-advanced technologies, such as
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We should make our cities self-generating and sustainable via smart urban regeneration. Smart technologies enable us to study our own behavior on how we consume our spaces and interact among ourselves. The way of our living can be accumulated into the cluster of storage as the big data form, and the data in turn help predict the pattern of the movements of economic activities in our cities. This positive feedback will further help step forward to another round of digital innovation.
The digital democracy and its individual efficacy match well with the concept of urban regeneration. Urban regeneration has arisen as an alternative to the massive deconstruction and the large-scale land assembly with eminent domain, which sometimes invoked strong disagreement and violent disruption during the deconstruction and rebuilding process. Now, the urban development in the digital era is processed with the agreement and consensus from all of the participants, who are influenced by the regeneration projects. Urban regeneration will be a good testbed for advancing our information technologies with tailored physical and non-physical infrastructures.
The smart urban regeneration with advanced technologies may be stagnant and be out of the right path when a large number of participating entities have conflicting goals and interests at any stage Threats from the segmented activities in the era of digital revolution could be eliminated through the digital innovation itself.
Active adjustment, coordination, communication, and cooperation can be promoted via wired networks, internet of things, and other information technologies. We hope urban regeneration carried out smart, sound, and sustainable. Then, the next-generation cities can further contribute to the advent of another round of technological innovation and ultimately a vibrant urban life.
